I am planning to talk about the interplanetary gas in the inner part of the solar system, in which we live. I should like to discuss the circumstances that we shall find when we send up suitable instruments to investigate that gas.
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The subject is the counterpart to meteorology on the earth; we shall be concerned with the permanent and the variable features in the gaseous content of the inner part of the solar system. We first ask, what will be the experiments equivalent to the meteorological measurements of temperature, pressure, and wind? What are the quantities we should be interested in, and what are the orders of magnitude that we now expect we shall find ?
Of course we know little at present. We have only some very indirect methods of inference, and it is essential to carry out the space-vehicle experiments that are now in prospect. Nevertheless, it is best to state what can be inferred from the meager data available, because this statement will suggest suitable experimentation.
We know that the space between the earth and the sun is not empty. Apart from the solid bodies and the dust particles about which we have just heard, there is some gas of very uncertain density. Frequently, or some of the time--I am not sure which is more correct--the density is between 100 and 1000 particles per cubic centimeter. It may be well above that figure on occasions; it may also be below.
This material probably consists predominantly of protons and electrons. Since it is almost certainly highly ionized, magnetic fields will move with the gas. If this material is moving, we must expect that magnetic configurations will also move in the solar system. Thus, we must completely give up the picture of static fields extending out to large distances from the sun and the earth. At some distance from the sun and at some distance from the earth the motion of gas masses will completely dominate and the magnetic fields will be convected around by that motion. Hence the intensity and direction of the interplanetary magnetic field will be one type of measurement that we shall be very much concerned with in the exploration of the solar system.
In confirmation of this suggestion we note that the time constants for dissipative decay are certainly thousands or hundreds of thousands of years. The interplanetary gas velocity that we estimate from the correlation between solar events and terrestrial phenomena is generally of the order of 1000 kin/sec. Therefore the material takes a day or two to pass through an astronomical unit, an interval in which the dissipative decay of magnetic fields is completely negligible.
We think that there are two types of sources on the sun that send material to us. From solar observation it is certain that one source resides in the chromosphere, close to the sun's surface, from which on occasions a terrific blast of material comes out and hits us 1, 2, or 3 days later. There is probably another source higher up, consisting of coronal material. We shall hear about that from Professor Parker later.
The chromospheric outbursts are the sudden events, the flares on the sun and the magnetic storm phenomena on the earth starting sometime later. For this kind of event we have a fairly reliable way of estimating the densities involved. The observed magnetic storms require particle densities in excess of 1000/cm 8, with velocities between 500 and 2000 kin/sec.
It is also clear from observations of magnetic storms that solar outbursts of this type do not diffuse in the process of traveling from the sun to the earth, because the onset of the storm at the earth frequently occurs very sharply, in a matter of i minute, although the total tran-1665 sit time from the sun has been perhaps 2 days. The streaming out of such material from the sun, then, does not proceed into a vacuum, for the thermal diffusion of an expanding cloud would have assured a gentle rise of the magnetic storm phenomenon over many hours; rather, it is proceeding with a sharp wave front. This front cannot, I think, be interpreted except as the shock wave between the material ejected from the sun and the material that is normally in the space between sun pletely prevented from entering the magnetic field, there would be contained within this region only those cosmic rays that were within the region before it started to expand from the sun. There it had a very small volume and would have contained very few cosmic rays.
The cosmic-ray flux, therefore, would be minished enormously. In fact, the holding out of the cosmic rays will not be perfect if the fields are not strong enough, and there may be only a moderate diminution in the cosmicray intensity (Fig. 2) .
One would therefore expect an outburst resulting in such a magnetic configuration to produce on the earth a magnetic storm phenomenon when the gas hits the earth and at the same time to cause a decrease in the cosmic rays as a consequence of the magnetic configurations sweeping over the earth. This is the very commonly observed correlation between the socalled Forbush decrease in the cosmic radiation, which is a diminution of a few per cent in the general flux, and magnetic storms on the earth.
Can we say anything about the strength of the magnetic field from the size of the observed If cosmic rays can be excluded from a certain region, it follows that they can also be confined in that region if they are produced inside it. Particles could be generated at the sun and caught in such orbits as those shown in It appears that particle fluxes in this range can be recognized by their ionospheric effects. I will not go into details of these effects but merely say that it is beyond any reasonable doubt that their causes are particles that have come from large solar flares with time delays of the order of an hour and that they show storage for a matter of many days, certainly 4 and possibly 7 or 8 days on occasion. These particles of subcosmic-ray energies, by showing the very long storage, make it possible to observe a propagation to the earth in two different ways. The particles can propagate at their GOLD own speed on their spiral orbits from a disturbance on the sun to the earth, provided that the magnetic field configuration in the intervening space is suitable. They will have very small radii of gyration, so that unless the field is exactly suitable they will not hit the earth from a particular disturbed region on the sun. At lower particle energies, the probability for reaching the earth directly from a particular disturbance on the sun diminishes. Another method of propagation then becomes possible: on or near the sun a certain storage region of plasma and magnetic field is filled with these low-energy particles, and a part of that storage region expands with the motion of the gas so as eventually to include the earth.
Thus we have the possibility of an indirect method of propagation, in which the particles do not come to us at their own travel speed but rather at a speed dictated by the comparatively slow expansion of the gas moving and carrying the magnetic field with it. Such particles are merely stored and gain access to the earth later, depending on the travel time of the gas.
This indirect method of propagation will become more and more probable as we go to lower particle energies. On general grounds one would expect that the sun is more frequently able to make the lower-energy particles than the higher ones.
The high-latitude ionospheric effects discussed above are caused by protons with energies between 10 and 100 Mev. In that energy range we expect that we may be able to see both the direct and the indirect method of propagation. The same kind of phenomenon has been seen many times since, but without the simultaneous occurrence of energetic cosmic rays. In other words, the sun does indeed make these lowenergy particles more often than it makes particles with energies in the bev range. If we consider particles of still lower energy, it becomes improbable that they will ever get here by the direct method of propagation and more probable. that they will arrive only by the indirect method. As they are likely to be produced more often, this should be a common occurrence.
Outbursts on the sun resulting in magnetic storms on the earth can be expected commonly to result in storage of these low-energy particles, whose energy may nevertheless be much in excess of the thermal gas energies that come in the outburst. Such events will lead to the arrival here of particles not energetic enough to cause the ionospheric event reported by Bailey, and therefore much harder to detect.
Since the discovery of the radiation zones by Van Allen, it is tempting to speculate that the low-energy particles are often fed into the storage region around the earth by the same processes that stir up the magnetic field of the earth and make a magnetic storm.
Perhaps we are observing the effects of a continuous spectrum of solar particle energies, and we are finding that the most energetic ones can come to us only by the direct channel, and the less energetic only indirectly. The particles of very low energies cannot enter the earth's field by any means, but we can see them get in when the field is disturbed by plasma motion, that is to say, by magnetic storm disturbances. Thus we span, possibly with the same intrinsic solar spectrum, all the phenomena from the cosmic-ray outbursts on the sun to the supply of the Van Allen layer by the particles producing the magnetic storms. Such a point of view requires that the particles injected at the outer edge of the Van Allen zone be able to diffuse thoroughly through the zone. If the particles are supplied in an outer arc, they must later be able to appear on inner arcs. The lifetimes of these particles, once they are in captured orbits, may be very long, and therefore the rate at which they have to be diffused is not necessarily very high, but they must be able to get around.
The region in the vicinity of the earth in which the earth's magnetic field dominates all dynamical processes might be called the 'magnetosphere.' The laws of motion of ionized material in the magnetosphere are greatly affected by the fact that the entire magnetospheric conducting region is separated from the conducting earth by the insulating sheath of the nonionized dense atmosphere. Mr. Gold: It is not correct that you would expect a diurnal variation in the position of the slot from the convection. That may in fact be very stably defined by the boundary to which the diurnal convection goes. This will be a well defined boundary if the material up above it is stable, and it will not show diurnal displacements.
The convection need not be very fast. It might take perhaps a month to complete the convection cycle, and little will happen in a day.
There is a further point, namely, whether the inner zone displays an annual or a semiannual variation. In particular a semiannual effect would be expected. A semiannual effect has been observed in the night airglow and can be readily interpreted by this mechanism.
